Running title: V. parahaemolyticus T6SS1 regulatory network SUMMARY 14 Type VI secretion systems (T6SSs) are widespread, tightly regulated, protein delivery 15 apparatuses used by Gram-negative bacteria to outcompete their neighbors. The 16 pathogen, Vibrio parahaemolyticus, encodes two T6SSs. These T6SSs are differentially 17 regulated by external conditions. T6SS1, an antibacterial system predominantly found in 18 pathogenic isolates, requires warm marine-like conditions and surface sensing for 19 activation. The regulatory network that governs this activation is not well understood. In 20 this work, we devised a screening methodology that allows us to easily monitor the 21 outcome of bacterial competitions and thus, to identify mutants that are defective in 22 T6SS1-mediated bacterial killing. The methodology, termed Bacterial Competition 23 Fluorescence (BaCoF), relies on detection of a fluorescent signal as an indicator of the 24 survival and growth of a T6SS-sensitive, GFP-expressing prey that has been co-25 cultured with mutants derived from a T6SS + attacker of interest. Using BaCoF, we 26 screened a random transposon insertion mutant library and identified genes required for 27 V. parahaemolyticus T6SS1 activation, among them TfoY and Tmk. We used epistasis 28 experiments to determine the relationships between the newly identified components 29 and other regulators that were previously described. Thus, we present here a detailed 30
INTRODUCTION 33
Bacteria use various strategies to carve a niche by outcompeting other bacteria. One of parahaemolyticus isolates; however, its role remains unknown. It is active in low salinity and E. coli DH5α (B) prey before (0 h) and after (4 h) co-culture with the indicated V. parahaemolyticus attackers on MLB media (containing 3% NaCl) at 30ºC. (C) Expression (cells) and secretion (media) of VgrG1 were detected by immunoblotting using specific antibodies against VgrG1. Loading control (LC), visualized as trihalo compounds' fluorescence of the immunoblot membrane, is shown for total protein lysates. (D) Growth of V. parahaemolyticus strains in MLB at 30ºC is shown as OD600 measurements. Data are mean ± SD, n=3.
Next, we investigated whether the effects on T6SS1 activity can be separated from the 169 effect that some of the hits had on growth. We reasoned that if the defect in T6SS1 170 activity was only the result of diminished growth or of a general defect in protein 171 secretion across bacterial membranes, then similar effects should be observed in other 172 protein secretion systems. Therefore, we tested how the transposon insertions affected 173 the activity of another protein secretion system, T6SS2, by monitoring the expression 174 and secretion of the hallmark secreted tail-tube component, Hcp2. The hits that were 175 dramatically affected in T6SS1 activity exhibited no defect in Hcp2 expression and 176 secretion, whereas vp2388::Tn and vp0013::Tn did exhibit reduced Hcp2 secretion levels, compared with the parental strain ( Fig. S1 ). Moreover, we were surprised to find reproducibly high levels of Hcp2 in the secreted fraction of the vp2050::Tn mutant, 179 compared with the parental strain. Since T6SS1 induction was nearly completely 180 abolished in this mutant, the finding that T6SS2 is active indicated that the growth 181 defect observed in this mutant was not accompanied by a general secretion defect.
182
Thus, these results suggest that the defect in T6SS1 induction in vp2050::Tn might not 183 necessarily be linked to its growth defect.
184
Taking the above results together, we decided to focus our subsequent efforts on the 185 hits in which T6SS1 activity was abolished (i.e., vp1028::Tn and vp2050::Tn). The other Viability counts of V. parahaemolyticus POR1/Δvp1415-6 (A) and E. coli DH5α (B) prey before (0 h) and after (4 h) co-culture with the indicated V. parahaemolyticus attackers on MLB media (containing 3% NaCl) and containing 0.1% L-arabinose at 30ºC. (C-D) Expression (cells) and secretion (media) of VgrG1 were detected by immunoblotting using specific antibodies against VgrG1. Loading control (LC), visualized as trihalo compounds' fluorescence of the immunoblot membrane, is shown for total protein lysates. As indicated, the strains contained arabinoseinducible expression vectors of TfoY (pTfoY), TfoX (pTfoX), or an empty vector (pEmpty). activation is not immediately apparent. Notably, it appears that Tmk does not actively 245 play a positive regulatory role in T6SS1 activation because its overexpression did not 246 bypass the need for surface sensing (Fig. S5 ). Taken together, these results suggest a 247 role for Tmk, or one of the downstream products of its enzymatic activity, in activating (Fig. 5A,B) . In contrast, whereas de-262 repression by deletion of opaR required vp1391 and vp1407, a double deletion of both opaR and tfoY (ΔopaR/ΔtfoY) retained an intermediate activity of T6SS1 (Fig. 5A,C) .
These findings suggest that H-NS and OpaR repress T6SS1 differently, whereby derepression by removal of OpaR, but not by removal of H-NS, can bypass the need for activation via TfoY. Moreover, TfoY-mediated activation of T6SS1 was dependent on 267 the presence of both vp1391, and vp1407 (Fig. 5D,E) . Notably, neither the single-nor 268 the double-gene deletion strains that were tested exhibited any growth defect, 269 compared to the parental strain ( Fig. S6 ). Taken together, these epistasis interactions 
346
Note that a previous study also implicated ToxR and AphA in the regulation of V. under which we previously demonstrated that T6SS1 is inactive (Salomon et al., 2013;  other Vibrio T6SSs. 
